The present study has been designed to investigate the modulatory role of dichlorobenzamil a Na 
Ischemic stroke, a prominent and an acute manifestation of cerebral ischemia and other cerebro-vascular diseases, is a syndrome characterized by rapid onset of neurological injury due to interruption of blood flow to the brain. Because of limited therapeutic strategies, stroke remains the third most common cause of death after heart attack and cancer and has profound negative social and economic effects. The failure, over the past three decades, of multiple clinical trials of exogenously administered drugs as potential stroke neuroprotectants has enhanced the ongoing search to identify endogenously modulated mechanisms activated after cerebral ischemia that might be harnessed as neuroprotectants in stroke. Ischemic pre-conditioning (IPC), a well-established phenomenon, has been used since 1980's to attenuate ischemia-reperfusion-induced myocardial injury 1) and cerebral injury. 2) However, inability of pre-conditioning phenomenon to predict the onset of ischemia in clinical settings led to the discovery of a new concept of post-conditioning (PoCo), whereby brief repetitive cycles of ischemia with intermittent reperfusion that follows immediately after prolonged ischemia, elicited tissue protection.
3) Post-conditioning, in studies carried over last 4-5 years using different animal species have been documented to exert protective effect in different organs like heart, [3] [4] [5] liver, 6) and kidneys. 7) Further, several recent-reports from our laboratory 8, 9) as well as from others [10] [11] [12] have advocated cerebro-protective role of ischemic post-conditioning. The major advantage of post-conditioning is its clinical feasibility and it has been observed to produce tissue protective effects in various clinical settings. 13, 14) There is an impressive array of molecular mechanisms contributing to ischemic post-conditioning-induced tissue protection, which include triggers, mediators and endeffectors. 15, 16) Sodium/calcium exchanger (NCX or Na ϩ /Ca 2ϩ ) is a nine transmembrane protein that plays an important role in the exchange of sodium and calcium across the cell membrane and is widely distributed in the body. NCX has been implicated in various pathological conditions including hypoxiaanoxia, white matter degeneration after spinal cord injury, brain trauma and optical nerve injury, neuronal apoptosis, brain aging, Alzheimer's disease, 17) congestive heart failure, arrhythmia and cardiomyopathy. 18) Modulators of NCX constitute important class of clinically useful therapeutic agents. [19] [20] [21] [22] A significant role of NCX in cardioprotective and renal protective mechanisms of ischemic preconditioning and ischemic postconditioning has also been documented. [19] [20] [21] [22] [23] However, role of Na ϩ /Ca 2ϩ exchanger in neuroprotective mechanism of ischemic postconditioning remains to be elucidated. Therefore, the present investigation has been undertaken to investigate the modulatory role of dichlorobenzamil a selective Na ϩ /Ca 2ϩ exchanger inhibitor in ischemic postconditioning mediated neuroprotection in mice.
MATERIALS AND METHODS

Animals
Male albino Swiss mice weighing 25Ϯ2 g, maintained on standard laboratory diet (Kisan Feeds Ltd., Mumbai, India) and having free access to tap water were used in the present study. They were housed in the departmental animal house and were exposed to 12-h light/dark cycle. All the animals used in the study were naive to elevated plus-maze test. The experiments were conducted in a semi-sound proof laboratory. The animal experiments were carried out according to the guidelines of Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), Ministry of Environment and Forest, Government of India (Reg. No.-107/1999/CPCSEA).
Drugs and Chemicals Dichlorbenzamil (DBZ; 0.5 mg/kg, 1 mg/kg, intraperitoneal; Sigma-Aldrich Ltd.) and chloral hydrate (350 mg/kg, intraperitoneal (i.p.); Riedel-deHaen, Germany) were dissolved in 0.5 M dimethylsulfoxide (DMSO) solution and in distilled water respectively. All other chemicals used in the present study were of analytical quality. All drug solutions were freshly prepared before use.
Induction of Global Cerebral Ischemia Global cerebral ischemia in mice was induced surgically. Mice were anaesthetized using chloral hydrate (350 mg/kg, i.p.). A midline ventral incision was made in the neck to expose right and left common carotid arteries, which were isolated from surrounding tissue and vagus nerve. A cotton thread was passed below each of the carotid artery. Global cerebral ischemia was induced by occluding the carotid arteries. After 12 min of global cerebral ischemia, reperfusion was allowed for 24 h. The incision was sutured back in layers. The sutured area was cleaned with 70% ethanol and was sprayed with antiseptic dusting powder so as to prevent any infection. The animals were shifted individually to their home cage and were allowed to recover. Body temperature of the animal was maintained at 37°C during the surgery by using electrical surgical bed and during reperfusion of 24 h by housing the animal cage in appropriate temperature and humidity-controlled room. 8, 24, 25) Cerebral Ischemic Post-Conditioning Episodes For the ischemic post-conditioning episode, the carotid arteries were re-occluded for a period of 10 s followed by 10 s of reperfusion time. Three such cycles of ischemia and reperfusion were allowed immediately after the bilateral carotid artery occlusion of 12 min. 8) Assessment of Cerebral Infarct Size At the end of 24 h of reperfusion after global cerebral ischemia, animals were sacrificed by spinal dislocation and the brain was removed and placed immediately in ice cold saline for 10 min. Brain samples were then sliced into uniform coronal sections of about 1 mm thickness. The slices were incubated in 1% triphenyltetrazolium chloride at 37°C in 0.2 M Tris buffer (pH 7.4) for 20 min. 26) Triphenyltetrazolium chloride is converted to red formazone pigment by nicotinamide adenine dinucleotide (NAD) and dehydrogenase and thus stained the viable cells deep red. The infarcted cells have lost the enzyme and cofactor and thus remained unstained dull yellow. The brain slices were placed over glass plate. A transparent plastic grid with 100 squares in 1 cm 2 was placed over it. Average area of each brain slice was calculated by counting the number of squares on either side. Similarly, number of squares falling over non-stained dull yellow area was also counted. Infarcted area was expressed as a percentage of total brain volume. Whole brain slices were weighed. Infarcted dull yellow part was dissected out and weighed. Infarct size was expressed as percentage of total weight of brain.
Evaluation of Memory Using Morris Water Maze Test Morris water-maze was employed to assess learning and memory of the animals.
27) It consisted of large circular pool (150 cm in diameter, 45 cm in height, filled to a depth of 30 cm with water at 28Ϯ1°C). The water was made opaque with white-colored dye. The pool was divided into four equal hypothetic quadrants with the help of two threads, fixed at right angle to each other on the rim of the pool. A submerged platform (10 cm 2 ), painted white, was placed in target quadrant 1 cm below surface of water so as to provide escape area. The position of platform was kept unaltered throughout the training session.
Acquisition Trial Each mouse was subjected to four trials each day. A rest period of 5 min was allowed in between each trial. Four trials per day were repeated for four consecutive days. Starting position on each day to conduct four training trials was changed as described below and quadrant Q4 was maintained as target quadrant in all acquisition trials Day 1 Q1 Q2 Q3 Q4 Day 2 Q2 Q3 Q4 Q1 Day 3 Q3 Q4 Q1 Q2 Day 4 Q4 Q1 Q2 Q3 Escape latency time (ELT) to locate the hidden platform in water maze was noted and day 4 ELT served as an index of acquisition or learning.
Retrieval Trial On fifth day the platform was removed. Each mouse was placed in water maze and allowed to explore the maze for 120 s. Each animal was subjected to four such trials and each trial was started from different quadrant. Mean time spent in all three quadrants i.e. Q1, Q2 and Q3 were recorded and the time spent in the target quadrant i.e. Q4 in search of missing platform was also noted, which served as an index of retrieval. The experimenter always stood at the same position. Care was taken that relative location of water maze with respect to other objects in the laboratory serving as prominent visual clues was not disturbed during the total duration of study. All the trials were completed between 10:00 to 16:00 h.
After recording day 4 ELT, the animal was subjected to the surgical procedure and then put to day 5 retrieval test on the Morris water-maze.
Assessment of Motor Coordination. Rota-Rod Test Rota rod has been used to evaluate motor coordination by testing the ability of mice to remain on revolving rod.
28) The apparatus consisted of horizontal rough metal rod of 3 cm diameter attached to a motor with variable speed. This 70 cm long rod was divided into four sections by wooden partitions. The rod was placed at a height of 50 cm to discourage the animals to jump from the rotating rod. The rate of rotation was adjusted to allow the normal mice to stay on it for 5 min. Each mouse was given five trials before the actual reading was taken. The animals staying on revolving rod for period of 5 min before the surgical procedure were selected and the test was again performed after 12 min of global cerebral ischemia and 24 h of reperfusion.
Inclined Beam-Walking Test Inclined beam-walking test was employed to evaluate fore and hind limb motor coordination. 25, 29) Each animal was individually placed on a metallic bar 55 cm long and 1.5 cm wide, inclined at an angle of 60°from ground. The motor performance of mouse was scored on a scale ranging from 0 to 4. A grade of 0 was assigned to animal that could readily traverse the beam, grade 1 was given to animal demonstrating mild impairment, grade 2 was assigned to animal demonstrating moderate impairment, grade 3 was given to animal demonstrating severe impairment and grade 4 was assigned to animal completely unable to walk on the beam. Inclined beam-walking test was performed before global cerebral ischemia and 24 h after global cerebral ischemia and reperfusion.
Lateral Push Test A mouse was placed on a rough surface for firm grip and was evaluated for resistance to lateral push from either side of shoulder. 25, 30) The test was performed before global cerebral ischemia and 24 h after global cerebral ischemia and reperfusion. The behavioral setups (instruments) were cleaned and swabbed with 70% alcohol after each exposure of animals so as to rule out any olfactory interference.
Experimental Protocol Ten groups of mice were employed, each group comprised of 8 animals.
Group I (Sham Group) Mouse was subjected to surgical procedure and carotid arteries were isolated and thread was passed below it but the arteries were not occluded. After 12 min, threads were removed and the animal was sutured back and allowed to recover for 24 h.
Group II (Control Group) Mouse was subjected to 12 min global cerebral ischemia followed by reperfusion for 24 h.
Group III (Ischemic Post-conditioning Group) Mouse was subjected to 12 min global cerebral ischemia followed by three episodes of 10 s of ischemia with intermittent reperfusion of 10 s after which 24 h reperfusion period was permitted.
Group IV (0.25 mg/kg DBZ Control Group) Mouse was administered DBZ (0.25 mg/kg, i.p.) 30 min prior to carotid artery occlusion. The rest of the procedure was the same as described for Group II.
Group V (0.25 mg/kg DBZ Treated Post-conditioning Group) Mouse was administrated DBZ (0.25 mg/kg, i.p.) 30 min prior to carotid artery occlusion. The rest of the procedure was the same as described for Group III.
Group VI (0.5 mg/kg DBZ Control Group) Mouse was administered DBZ (0.5 mg/ kg, i.p.) 30 min prior to carotid artery occlusion. The rest of the procedure was the same as described for Group II.
Group VII (0.5 mg/kg DBZ Treated Post-conditioning Group) Mouse was administrated DBZ (0.5 mg/kg, i.p.) 30 min prior to carotid artery occlusion. The rest of the procedure was the same as described for Group III.
Group VIII (1 mg/kg DBZ Control Group) Mouse was administered DBZ (1 mg/kg, i.p.) 30 min prior to carotid artery occlusion. The rest of the procedure was the same as described for Group II.
Group IX (1 mg/kg DBZ Treated Post-conditioning Group) Mouse was administrated DBZ (1 mg/kg, i.p.) 30 min prior to carotid artery occlusion. The rest of the procedure was the same as described for group III.
Group X (DMSO in Control Group) Mouse was administered DMSO 30 min prior to carotid artery occlusion. The rest of the procedure was the same as described for Group II.
Statistical Analysis The results were expressed as meanϮstandard error of means (S.E.M.). Statistical analysis for results of infarct size and rota rod was done using oneway ANOVA followed by Tukey's multiple range tests as post-hoc analysis for multiple comparisons. Statistical significance for lateral push and inclined beam walking was calculated using Chi square and Wilcoxon rank sum tests, respectively. Statistical analysis for all the results was done using one-way ANOVA followed by Turkey's multiple range tests as post-hoc analysis for multiple comparisons. A value of pϽ0.05 was considered to be statistically significant.
RESULTS
Effect on Cerebral Infarct Size
Global cerebral ischemia of 12 min followed by reperfusion for 24 h (I/R) produced significant increase (pϽ0.05) in cerebral infarct size when compared to sham group. Ischemic post-conditioning significantly (pϽ0.05) attenuated I/R induced increase in cerebral infarct size when compared to control group. Pretreatment of DBZ at a dose of 0.25 mg/kg, i.p., did not produce any significant attenuation of ischemic post-conditioning (iPoCo) induced decrease in cerebral infarct size. However, DBZ when administered in higher doses i.e., 0.5 mg/kg and 1 mg/kg, i.p. it significantly attenuated (pϽ 0.05) ischemic post-conditioning-induced decrease in infarct size. DBZ did not show any per se effect on cerebral infarct size of control animals (Figs. 1a, b) .
Effect on Memory Using Morris Water-Maze Test There was a downward trend in Escape latency time (ELT) of animals on subsequent water-maze exposure during acquisition trial indicating normal learning abilities ( Table 1 ). The sham control mice when subjected to retrieval test on day 5 spent significantly (pϽ0.05) more time in the target quadrant (Q4) in search of the missing platform as compared with the time spent in other quadrants (Q1, Q2 and Q3), reflecting normal memory capacity. Global cerebral ischemia followed by reperfusion markedly reduced (pϽ0.05) day 5 time spent in the target quadrant, when compared with control mice indicating memory impairment. However, ischemic post-conditioning produced significant increase (pϽ0.05) in day 5 time spent in target quadrant thus attenuating ischemia-reperfusion-induced memory impairment. Pretreatment of DBZ at a dose of 0.25 mg/kg, i.p. did not produce any significant attenuation of ischemic post-conditioning induced increase in TSTQ. However, DBZ when administered in higher doses i.e., 0.5 mg/kg and 1 mg/kg, i.p., significantly (pϽ0.05) attenuated ischemic post-conditioning-induced rise in day 5 time spent in target quadrant, thus preventing the memory preserving effect of ischemic post-conditioning. DBZ did not show any per se effect on TSTQ of control animals (Fig. 2) .
Effect on Motor Performance. Effect on Fall Down Time Using Rota Rod Test Global cerebral ischemia of 12 min followed by reperfusion for 24 h produced significant (pϽ0.05) reduction in fall down time, as measured by rota rod test, when compared to sham group. Ischemic post-conditioning significantly attenuated ischemia-reperfusion-induced reduction in fall down time. Pretreatment of DBZ at a dose of 0.25 mg/kg, i.p., did not produce any significant attenuation of ischemic post-conditioning (iPoCo) induced increase in fall down time. However DBZ when administered in higher doses i.e., 0.5 mg/kg and 1 mg/kg, i.p. significantly attenuated ischemic post-conditioning-induced effect on fall down time. DBZ did not show any per se effect on fall down time of control animals (Fig. 3) .
Effect on Motor In-coordination Score Using Inclined Beam Walking Test Global cerebral ischemia followed by reperfusion produced significant motor in-coordination in mice noted after 24 h of reperfusion when compared to sham group. Ischemic post-conditioning markedly prevented ischemia-reperfusion-induced motor in-coordination. Pretreatment of DBZ at a dose of 0.25 mg/kg, i.p., did not produce any significant attenuation of ischemic post-conditioning (iPoCo) induced decrease in motor in-coordination. However, DBZ when administered in higher doses i.e., 0.5 mg/kg and 1 mg/kg, i.p. significantly attenuated ischemic post-conditioning-induced decrease in motor in-coordination. DBZ did not show any per se effect on fall down time of control animals (Fig. 4) .
Effect on Lateral Push Response Global cerebral ischemia followed by reperfusion produced a significant decrease in percentage of mice demonstrating resistance to lateral push noted after 24 h of reperfusion, when compared to sham group. Ischemic post-conditioning significantly prevented ischemia-reperfusion-induced decrease in percentage of mice demonstrating resistance to lateral push. Pretreatment of DBZ at a dose of 0.25 mg/kg, i.p., did not produce 588 Vol. 33, No. 4 any significant attenuation of ischemic post-conditioning (iPoCo) induced increase in percentage of mice demonstrating resistance to lateral push. However, DBZ when administered in higher doses i.e., 0.5 mg/kg and 1 mg/kg, i.p. significantly attenuated ischemic post-conditioning-induced increase in percentage of mice demonstrating resistance to lateral push. DBZ did not show any per se effect on fall down time of control animals (Fig. 5) .
DISCUSSION
The results of present investigation indicate that ischemic post-conditioning involving three episodes of 10 s carotid artery occlusion with intermittent reperfusion of 10 s produced a significant neuroprotective effect. Ischemic post-conditioning mediated neuroprotective effects were significantly abolished by pretreatment with dichlorobenzamil i.e. DBZ (0.5 mg/kg, 1 mg/kg, i.p.) a selective sodium calcium exchange (NCX) inhibitor.
Male mice were used in the study because it has been reported that high estrogen level itself exerts protection in cerebral ischemia-reperfusion injury. 31) Global cerebral ischemia employed in this investigation is well reported to simulate the clinical situation of cerebral ischemia. 32, 33) Cerebral ischemia has been reported to impair memory because hippocampal neurons are susceptible to the deleterious effects of ischemiareperfusion and the hippocampus is involved in regulation of memory. 34) Cerebral Ischemia is further documented to impair sensorimotor ability as well. 35) Therefore, in the present study, we employed Morris water maze test to assess memory and rota-rod test, lateral push test and inclined beam walk test for the evaluation of motor coordination. Extent of ischemia-reperfusion-induced neuronal injury, in terms of cerebral infarction, was assessed by using triphenyltetrazolium chloride staining. 26) In our study, global cerebral ischemia induced by bilateral carotid artery occlusion for 12 min, followed by prolonged reperfusion of 24 h produced a significant rise in infarct size along with impairment of memory as well as motor-coordination. These results are in line with our earlier reports. 8, 9, 25, [36] [37] [38] Further, ischemic post-conditioning, consisting of three cycles of 10 s ischemia with intermittent reperfusion of 10 s, prevented ischemia-reperfusion-induced rise in cerebral infarct size and impairment of memory and motorcoordination. This observation complies with our earlier findings, whereby similar protocol of ischemic post-conditioning has been shown to produce neuroprotection. 8, 9) In our previous reports 36, 38) we have observed that an ischemic episode of 17 min produced around 45% infarction along with significant memory and motor deficits, however mortality rate was very high (around 25-30%). Although we could minimize high mortality rate (around 5%) with an ischemic insult of 10 min producing an infarct size of around 38-40% but in this memory impairments were not so much pronounced. 9, 37) In the present study an ischemic insult of 12 min not only produced a sizeable infarction of around 40% along with significant memory and motor impairment but also a very less mortality (around 6%). DMSO used as a vehicle in this study did not show any significant per se effect.
Selective NCX inhibitor DBZ (0.25, 0.5, 1 mg/kg, i.p.) per se did not modify ischemia-reperfusion-induced rise in cerebral infarct size and associated behavioral deficits in control groups. However, it attenuated the neuroprotective effects of ischemic post-conditioning in a significant manner, quantitated in terms of increase in cerebral infarct size along with impairment of memory and motor-coordination. These findings hint at the possible involvement of NCX in cerebroprotective mechanism of ischemic postconditioning.
The sodium-calcium exchanger (often denoted Na ). The NCX removes a single calcium ion in exchange for the import of three sodium ions. 17) Three isoforms of NCX i.e. NCX1, NCX2, NCX3 have been identified. 39) Further, it is well known that pharmacological role of NCX is dependent on mode of exchange of antiporter. The exchanger moves net Ca 2ϩ either out of or into cells depending on the prevailing electrochemical driving forces (i.e. the Na ϩ /Ca 2ϩ concentration gradients and the VM). There are two modes of antiporter exchange i.e. "Ca 2ϩ exit mode" (forward mode) and "Ca 2ϩ entry mode" (reverse mode). Reverse mode of exchange is an abnormal mode of exchange which operates in pathophysiological conditions. A wide range of NCX inhibitors are available which block antiporter in either mode i.e. forward or reverse mode. Ni 2ϩ inhibits NCX in the reverse mode of operation, 40) KB-R7943, 41) (Iwamoto et al., 1996) and SEA0400 42) inhibit preferentially NCX1 activity in the reverse mode while, amiloride derivatives can inhibit in both modes. DBZ is an amiloride derivative more potent and selective NCX blocker than amiloride and it can inhibit NCX activity either when the antiporter operates in the forward 43) or in the reverse mode of operation. 44) The molecular mechanism behind protective effect of ischemic postconditioning is very complex and a battery of triggers (e.g. adenosine, bradykinin, erythropoietin opioids, endogenous nitric oxide etc.), mediators (e.g. phosphoinositide-3-kinase, protein kinase G, protein kinase C etc.) and 16) In our recent studies we have also reported prominent involvement of K ϩ ATP channels, opioid receptors and phosphatidyl inositol-triphosphate kinase (PI3K), in neuroprotective mechanism of ischemic postconditioning. 8, 9) Therefore, from our observations it looks evident that NCX probably plays an important role in cerebroprotective mechanism of ischemic postconditioning. This contention is further supported by our observation with DBZ a selective NCX inhibitor pretreatment of which abolished protective effect of ischemic postconditioning.
Further time of ischemia and reperfusion episodes in ischemic postconditioning has also been described as a critical factor, as protection is observed only in a specific time cycles situation of ischemia-reperfusion episodes, while it is lost or decreased in other situation. 16 ) Therefore, it may be speculated that in the present study three cycles of 10 s ischemia with intermittent reperfusion of 10 s at the onset of prolonged reperfusion after prolonged ischemia probably activated NCX in favorable mode i.e. forward mode thus resulting in neuroprotection. On the other hand during prolonged ischemic episode the activation of NCX may not be quite enough to confer protection or it may be activated in unfavorable mode i.e. reverse mode eventually leading to cell injury.
DBZ pretreatment abolished the ischemic post-conditioning mediated protective effect perhaps probably through the blockade of NCX activity, but why it did not modify ischemic injury in control animals subjected to prolonged ischemic episode? needs further explanation. In a situation of prolonged ischemia there is a massive accumulation of intracellular Na ϩ ions because of the failure of Na ϩ /K ϩ ATPase. This intracellular Na ϩ loading should promote the NCX to operate in the reverse mode. It has been demonstrated in perhaps in vitro and in vivo models of anoxia and ischemia, that, a stimulation of NCX activity exerts protective effect and may help neurons and glial cells to survive, whereas its pharmacological blockade can compromise their survival. 45, 46) Further inhibition of the Na 44, 47, 48) On the contrary, inhibition of reverse mode of Na ϩ /Ca 2ϩ exchanger has also been associated with attenuation of ischemia associated calcium load and thus, blockade of reverse mode has been documented to confer tissue protection. 49, 50) However, in the present study, the blockade of Na ϩ /Ca 2ϩ exchanger in ischemic state was neither associated with tissue protection nor aggravation of injury. Though, the exact mechanisms of this effect cannot be delineated from the results of the present study, yet it may be possible that the beneficial effect of attenuation of calcium overload is counteracted by an increase in intracellular sodium or decrease in extracellular sodium ions. However, the lack of aggravatory effect of DBZ in ischemic state in brain needs further studies at the molecular level. Nevertheless further studies are needed to establish full potential as well as mechanism of NCX in neuroprotective effect of ischemic post-conditioning.
CONCLUSION
It may be concluded from the above findings that NCX probably plays an important role in neuroprotective mechanism of ischemic post-conditioning.
